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Providing a task-representative user interface for building operations and control puts the user in charge of their health, safety, and well-being and improves task performance. Enabling users control of building conditions and operations often results in poor overall building performance, such as increased energy usage due to lighting a non-occupied room. As a result, building designers limit the control users have in the spaces they occupy by implementing lighting schedules, for example. However, research has indicated an improved user experience results when users regulate their environment. This conflict produces significant challenges in building interaction design regarding the allocation of control in user-building interactions. An approach is being developed to align user-building interaction design with the building's purpose -to support users' tasks. Rather than multiple operation specific interfaces, providing users a unified taskrepresentative interface links building operations, users, and tasks. The result is a more informative interaction between the user and building operations and a more effective, efficient, and enhanced task experience.
The purpose of a building is to support building users' tasks and activities. Tasks are defined as the core activities of employees assigned in their formal employment descriptions. Average user task operating conditions are determined during the building design through design guidelines, such as EN 15251 (2007) and ISO 7730 (2005) . Building interaction design is defined as the interface between the user and building systems that determines the level and method of control the user has over his or her building environment and operation systems. Current building interaction design decisions regarding allocation of control are based on three categories of approaches: cause-effect postulates, operation protocol, and stakeholder objectives. The cause-effect postulates are analytical approaches guided by conventional business drivers (Kats, 2003) . Operation protocol is based on policy, company standards, and recommended manufacturer maintenance (Colmenar-Santos, de Lober, Borge-Diez, & Castro-Gil, 2013; Elmualim, Valle, & Kwawu, 2012) . Stakeholder objectives are the building owner's, operator's, and designers' goals driving building operation interaction decisions (Matson et al., 2012) . However, these approaches all create a gap between user tasks and the building input factors -conditions, operation parameters, and user preferences. This gap compromises accurate support of users' tasks.
Knowledge from all major building interaction agents that affect building operations -including environment, users, tasks, and building systems -is required for a task to be properly supported. Current building interaction knowledge is facilitated through user-building interfaces. Enabling user control has been shown to have a positive impact on overall user satisfaction with a building's interior (Federspiel & Villafana, 2003) . Improved user satisfaction is associated with increased employee productivity and a decreased rate of employee turnover (Feige, Wallbaum, Janser, & Windlinger, 2013; Frontczak & Wargocki, 2011) .
However, increased user control of building systems often result in poor overall building performance, such as increased energy demand and shortened equipment life. Lights are left on in a non-occupied room and windows are opened with the air conditioning running. Therefore, building designers and owners limit the control users have in the spaces they occupy by fixing windows, locating shade devices on the exterior of the building, and implementing a lighting schedule. These measures reduce the ability of user-building interactions that would allow automation to extract and understand users' intentions in order to properly support users' tasks.
Current user-building interface (UBI) design configurations prevent building operations from acquiring necessary knowledge from users' tasks regarding triggers, goals, and intentions. The user-centered approach to UBIs enables a taskrepresentative user interface to supports users' tasks and puts users in charge of their own health, safety, and well-being. A task-representative UBI relates more directly to variable context-dependent preferences of the user and user's tasks. The user-centered approach affords a UBI design that can adequately account for future conditions to improve user satisfaction while maintaining overall efficient building operations. Figure 1 shows the current building interaction process during building design and execution that produces the building's operating state that support users' tasks. Building operations include both automated-and manually-controlled building systems, such as lighting, heating, ventilation, and air conditioning (HVAC) systems, and security; equipment, such as portable fans and heaters; building envelope features such as windows, doors, and internal and external shading devices; and the building management system (BMS). The BMS manages a building's complex interactions.
Design conditions are informed the environment, occupancy, and tasks that determine which building systems are provided, the allocation of control (whether it be automated, electronically, or manually controlled), and whether or not the system is monitored. Monitored is defined as enabling a feedback loop between the building system and the BMS. The design conditions translate into the operation parameters during building execution and include the setting, location, and interaction. Setting is the range in which building operations are allowed to operate, such as the high and low temperature set points and the time to operate. The location is where the operation specific sensors and devices will be placed within the building design. The UBI determines who or what can interact with the system, when, and how. The operation parameters, along with user preferences, and conditions (weather, occupancy, heat gains, current building state, etc.), become the input factors for the BMS through designdetermined interaction elements of automation, sensors, and interfaces.
The BMS has jurisdiction over all other building operations that are monitored and determines, through operation parameters, how and in what circumstances the building systems will operate (Wigginton & Harris, 2002) . However, prior to the input factors reaching the BMS, the building operator can modify what information is received by the BMS, meaning the building operator can override any of the input factors including the design optimized operation parameters for tasks. The BMS enables a building to learn and adapt, allowing all levels of service, comfort, and safety to be optimized based on design conditions. This allows for a reduction in energy demand, improved conditions, and readily accounting for future building conditions. (Borgeson & Brager, 2011; ColmenarSantos et al., 2013; Oldewurtel et al., 2012) . The end result of the process produces the current building state that supports users' tasks. The current building state cycles back to become an input factor. However, the users' tasks are currently not directly included in building operation feedback. Rather, users' tasks are indirectly input through user preferences in which the user must translate task requirements into building system language. This disconnect between users' tasks and input factors results in tasks that are not properly supported. Without such a method of communication, the space can only be designed for the idealized occupant performing an idealized task in an idealized world. Users, tasks, and the environment would need to conform to design standards 100% of the time.
Since it is unlikely that users behave in an idealized fashion most of the time, user behavior and tasks that deviate from the average conceptual building design are disregarded. This negatively affects building performance, user experience, and ultimately, degrades the user task performance.
RELATED RESEARCH
Current building interaction design approaches fail to consider the purpose of a building and also provide little (if any) guidance regarding UBI allocation (Brager & de Dear, 1998) . The current approaches have been classified into three categories: cause-effect postulates, operation protocol, and stakeholder objectives.
Cause-Effect Postulates
The cause-effect postulates are classic analytical approaches, such as cost-benefit analysis, economic impact analysis, and life-cycle cost, which are guided by conventional business drivers, such as profit (Feige et al., 2013; Ferreira, Ruano, Silva, & Conceicao, 2012; Kats, 2003) . The benefit of these approaches is the quantitative basis behind the analytics. An initial cost, typically paid by the building owner, is assigned to a system, and a benefit value is assigned to the owner, occupant, and environment the system would produce if it were implemented. Such benefits include cost savings, lower carbon emissions, and greater control of the building indoor environment.
The decision to implement a system and how to allocate control is made if the benefit value is higher than the initial cost. However, more frequently than not, operation, maintenance, and training are not included in the initial cost, because it is unknown or is deemed insignificant (Barrett, 2007) . This lack of accountability and uncertainty places a heavy burden on the building's yearly operation budget, requiring the reallocation of funds from other, more imperative projects, or causing a failure to maintain the system to result in shortening of equipment life. In addition, if the benefit does not directly reward the owner, it is often deemed less significant whether or not it benefits the occupant. As a result, benefits to the occupant are deemed less important and are less frequently considered. Other challenges include the difficulty in putting a price on social and environmental factors and assigning a quantified value of occupant comfort and satisfaction.
Operation Protocol
The second approach to building interaction design is operation protocol, which is traditionally based on policy, company standards, and recommended manufacturer maintenance (Colmenar-Santos et al., 2013; Elmualim et al., 2012) . Traditionally, the building operator plays a key role in deciding the allocation of UBIs, which requires knowledgeable facility management to ensure proper resource allocation and the reliance on reputable manufactured equipment. However, the expanding complexity of building management systems and sheer volume of building systems and service options has caused decision makers to frequently rely on traditional design approaches and outdated procedures (Yang & Peng, 2001 ). The greatest benefit of operation protocol is that it accounts for the operation, maintenance, and training of building operations as well as the initial system costs.
Operation protocol also outlines building operation requirements -what should and should not be included in a building is standard as a result of societal influences on policy writing, such as the Energy Independence and Security Act of 2007 that mandates efficiency standards for appliances and lighting. However, because policies originate from political structures, they are slow to change, resulting in adherence to obsolete procedures and inadequate technologies. Additionally, policies often focus on specific critical issues that serve the greater good or general public, rather than the needs of a specific subset like a specific building's users.
Operation protocol also carries into building execution. Often building occupant complaints and request for change do not reach decision makers or facility managers. This causes those with less influence to take action into their own hands, such as bringing in space heaters, causing increased energy usage as well as increased fire hazards.
Stakeholder Objectives
The most common approach to building interaction design is the consideration of stakeholder objectives in which the building owners, operator, and designers' goals are the driving force behind control decisions (Matson et al., 2012) . Objectives are defined through descriptors (such as energy efficiency, minimum financial profit, aesthetic qualities, and notoriety) rather than in proprietary terms (such as a specific manufacturer's HVAC model number). The benefit of the stakeholder objectives approach is that as long as the building operation(s) conforms to achieve the stakeholder objective, the operation decision has greater flexibility in the selection of system components and controls. While objectives, such as meeting a required minimum energy efficiency standard, can be valued and utilized for evaluating the performance of building systems, a design process based on objectives provides little guidance to achieve user task support (Yang & Peng, 2001) . Additionally, objectives must be prioritized to guide design when there is an objective conflict. For example, the user wants to open a window while the building operator wants to ensure the window is closed when the air conditioner is running may result in the compromise of a scheduled, electronically operated window.
In addition to objective priority, a status hierarchy must be established to decide whose objectives are being designed. Barrett (2007) argues that stakeholders representing the whole life cycle of a building, including end users, should contribute to the design. However, user considerations are rare and unfamiliar in conventional building procurement and conceptual phases due to their complexity and elusiveness. This results in the users' requirements being placed by the wayside (Robinson, 2006; Vischer, 2008a) .
The approaches presented here provide the current basis to building interaction design regarding UBIs. The fact that these approaches are empirical and not theoretical means only UBI decisions that can be measured can be made. Additionally, decisions must be made in isolation of one another because there is not one common metric across all interaction decisions. A theoretical approach, on the other hand, that examines all UBI design decisions has the capacity for a more holistic and sustained solution to guide building operation usability, functionality, adaptability, cooperation, and interaction design.
Theories on the Built Environment
The user-centered approach developed in this work is rooted in the user-centered theory on the built environment. The user-centered theory on the built environment bridges between two opposite existing theories: the environmental deterministic theory and the social constructivism theory (see Figure 2 ). Both current theories explain the influences behind human behavior that drive the user's experience with the building (Lawrence & Low, 1990) . The environmental deterministic theory on the built environment states that the physical environment influences human behavior (Vischer, 2008a) . This theory draws upon extensive associated environmental psychology research (Hillier, 2008; Vischer, 2008b) , which provides meaningful and measureable results such as sense of territory (Lawrence & Low, 1990 ), usability (Granath & Alexander, 2006) , physical well-being (Roulet, 2006; Webb, 2006 (Nikolopoulou, Baker, & Steemers, 2001 ). These results can be utilized to evaluate user satisfaction with the physical environment. However, the environmental deterministic theory also fails to acknowledge social aspects and influences as an explanation for a user's satisfaction, and the limitations associated with self-reporting (Vischer, 2008a) .
The social constructivism theory on the built environment states that society determines space and influences human behavior (Hillier, 2008) . This theory draws from cultural and social norms as well as learned behavior. Outcome measures include socially acceptable behavior, attitude/perception, and social interactions. However, these measures are difficult to quantify, providing little support to building designers, and this theory ford not consider that the environment has effects on human behavior (Vischer, 2008a) .
The user-centered theory's position on the spectrum between the environmental deterministic and social constructivism theories absorbs elements of both to aid in determining a user's experience. The user-centered theory's outcome is assessed based on the user experience. There has been substantial research to examine what factors influence a user's experience in the built environment, with conventional research targeting comfort (Frontczak & Wargocki, 2011; Nicol & Humphreys, 2002; Orosa & Oliveira, 2009; Roulet et al., 2006) . However, there are no direct correlations between knowledge, comfort, and behavior. As such, one cannot assume designing for comfort will achieve a greater user task experience, nor does it guarantee important environmental characteristics, like resilience and adaption, are considered (Brown & Cole, 2009 ).
The user-centered theory outlines the user's experience and defines it, not only in physiological terms (e.g. activity level, clothing level, etc.) and psychological comfort (thermal, visual, acoustical, and air quality comfort), but also should substantially address social and behavioral aspects (e.g. user preferences, concepts of proximity and boundary, patterns of work, and level of exertion). In turn, these factors of a user's experience can be used applied to define how to improve and to successfully support users' tasks. The key in defining task support is that the evaluation be expressed in terms of the users' tasks, such as productivity, quality of output, and work engagement. The aim of this paper is to outline the development of a user-centered approach for the design of UBIs for building operations. In the remaining sections of this paper, the user-centered approach elements are described and applied to the development of a user-building interface of building operations. The paper concludes with a discussion of future work.
USER-CENTERED APPROACH
A user-centered approach to UBI design focuses on the building's user experience: how users can, want, and need to use the design, rather than forcing users to change their behavior to accommodate the design. Furthermore, the user-centered approach enables the UBI interface design to support the users' tasks and activities ensuring an enhanced user experience.
An enhanced user experience results in increased productivity, improved working conditions, and improved user satisfaction.
A task-representative UBI interface allows information to be continuously compiled between users and building operations to ensure users' tasks are properly supported (Nixon, Dobson, & Lacey, 1999) . This notion of support includes both the design supporting the users' tasks as well as having the capability of better supporting tasks through manipulation (Vischer, 2008a) . While the user-centered approach does not provide explicit building operation system selections, policy organization, or life-cycle cost assistance, basing the UBI design on tasks rather than stakeholder objectives, policies, or cost-benefits allows for support of a greater range of occupant conditions, preferences, and task requirements. The resulting UBI could potentially give users greater jurisdiction over their environment to better regulate task requirements to improve task performance. This may lead to fewer interruptions for the users' tasks, a greater understanding of the building capabilities, and an improved user quality of life.
To develop UBI interfaces, previous research has established key criteria during building execution. The first criterion is automatic building operation behavior. Automation is often required in modern buildings because communication between user, building controls, and building operations is far too complex for users to handle (Nixon et al., 1999) . However, people like to control things directly, meaning a balance between automatic and manual control must be considered (Bordass & Leaman, 1993) . People prefer to override automatic behavior with explicit directions, such as overriding the temperature setting in a room. Therefore, once execution of automatic behavior commences, overriding commands should be defined by task variability. Task variations include air quality and acoustical, visual, and thermal comfort zones that describe the ranges acceptable for users to perform the tasks as to not detract from it; variations that occur within a task, such as the frequency, duration, and effort; and variations that occur from user to user, such as individual physiological and psychological preferences, age, gender, and language.
Another criterion for a UBI is the required interface to extract knowledge between building operation agents and users regarding their roles, abilities, and expectations (Nixon et al., 1999) . Users work more efficiently when the consequences of their actions are immediately apparent (Hoes, Hensen, Loomans, de Vries, & Bourgeois, 2009; Sellers & Fiore, 2013) . Therefore, the time delay between commanding the building operation to do something and the resulting change in the environment indicates the importance of the UBI to enable feedback about current and future building operations. The UBI should include communication regarding the timeframe in which the user desires the condition -immediate, future or both -so the building operation logic can balance operation selection on efficiency and speed as well as understand user intentions, goals, and desires.
For example, if the user directly turns the temperature down, the system is unaware of why the user is warm or what the user intends to happen other than the room should be colder. Instead, if the user indicated to building control that the task requires prolonged physical movement, the system will then recognize why the user is warm and when the user will be warm. The system will understand the user will not feel warm immediately, but after conducting the task for a short time. The system also understands that other users may not feel warm so completely cooling the room down will cause other occupants discomfort. The system will increase air speed in the direction of the user performing the physical task and will maintain this air speed until the user's body temperature has returned to a comparable level to that of the surrounding occupants. As another example, opening a window on a cool, breezy day may be effective and efficient at cooling a user, but if the user is collating papers, it will not enhance the task. It may be better to run a fan on low speed blowing directly into the user's face.
CONCLUSION
The research presented is not focused on the design of the interface, but rather the language of the interaction. The usercentered approach to developing a new type of UBI with a basis in users' tasks, demonstrates that there exists a high potential to increase the user experience. A task-representative UBI relates more directly to context-dependent and variable preferences of the user and user's tasks. This approach affords a framework for interface design that can adequately account for future conditions to improve user satisfaction while maintaining overall efficient building operations.
The next step in this research is to formalize the usercentered approach framework and identify traditional office tasks in a typical office environment. The task definition includes requirements, conditions, and the building operations capable of producing the task requirements and conditions. Once task information is defined, a UBI can be designed and tested in one of two typical office settings: one where users will be asked to conduct traditional office tasks under conditions where they are provided traditional building system controls, and a second where they are provided with an interface designed using the user-centered approach. The users will report their experience in terms of their tasks performed.
